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ABSTRACTED -PUB -NO: JP2 00124 7 856A 
BASIC -ABSTRACT: 

NOVELTY - A photonics material contains cholesteric liquid crystal induced using 
the chiral photochromic material by irradiating light. Selective reflection 
wavelength control of the cholesteric liquid crystal is performed by irradiating 
light. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the following: (i) 
Optical switching element which uses photonics material; (ii) Liquid crystal 
optical element which contains photonics material; (iii) Optical information 
r ecording medium which has a recording layer containing photonics material; and 
(iv) Optical switching method which involves controlling light quantity irradiated 
to the photonics material layer and changing selective reflection wavelength of the 
photonics material. 

USE - For optical switching element, liquid crystal optical element and optical 
switching element (claimed) . 

ADVANTAGE - The photonics material containing the cholesteric liquid crystal 
induced by chiral photochromic material enables controlled irradiation light 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a photonics material with possible making it switch 
with light and the optical switching element using this, a liquid crystal optical element, and an optical information record medium 
using the cholesteric liquid crystal guided in more detail with the photochromic material which has a chirality about the 
photonics material using the cholesteric liquid crystal guided with the photochromic material which has a chirality. In addition, 
"photonics" is the language corresponding to "electronics" and means the process which controls by light all signals, such as an 
output, the process controlled by light instead of, i.e., an input, and a stimulus. [ an electron ] 
[0002] 

[Description of the Prior Art] A photochromic material is a material which generates reversibly two or more isomers which differ 
in a chemical bond condition according to an operation of light, and since an absorption spectrum changes in case it changes to 
an isomer, applying this change to optical recording is studied, for example, it is explained by the quarterly issue chemistry total 
theory "chemistry of organic photochromism" (Japan Scientific Societies Press) in full detail. Light like ultraviolet radiation is 
absorbed as a photochromic material, and it isomerizes, and although light is absorbed with the light-and-heat reaction type 
which returns to origin with heat and it isomerizes, to heat, it is stable and there is an optical photoreaction mold which absorbs 
the light of the wavelength region of the absorption spectrum which changed with isomerization, and returns to origin. There are 
a SUPIRO pyran compound, a SUPIRO oxazine compound, an azobenzene, etc. in a light-and-heat reaction type, and the fulgide 
compound, the diaryl ethene compound, etc. are known by the optical photoreaction mold. The type which answers only with the 
latter light is widely studied by the optical recording use. 

[0003] There are what, on the other hand, uses the liquid crystal orientation change by electric operation as the liquid crystal 
optical element and record medium using a liquid crystal material, and a thing which saves and eliminates information using the 
phase change and orientation change which are caused by operation of light. The liquid crystal optical element by electric 
operation is set to the nematic phase (N phase) of (1) liquid crystal. In what uses change of rate light scattering of a birefringence 
by field strength for a display, and a (2) chiral smectic C phase (Sc* phase) In the thing and (3) cholesteric phases (Ch phase) 
which use liquid crystal orientation change and the rate change of a birefringence by phase stability and field strength for a 
display, that on which the rate change of a phase transition-light-scattering or phase transition-birefringence is controlled by field 
strength, and is displayed is known. 

[0004] moreover, as what saves and eliminates information using the phase change and orientation change which are caused by 
operation of light For example, a photochromic molecule like an azobenzene is dissolved in low-molecular or a macromolecule 
nematic liquid crystal. The thing using the phase change of liquid crystal by which induction is carried out to the photochromism 
(refer to "OPUTO news (OPTONEWS)" 1993 No. 3 per year 16 page), The molecular layer containing a photochromic 
molecule or the thing (Ichimura -) to which liquid crystal orientation is changed by irradiating the light of the linearly polarized 
light at a macromolecule layer There is the optical switching method (JP, 8- 15 661, A) characterized by using change of the 
retardation induced by irradiating light at the layer which consists of the liquid crystal constituent containing chemistry, industry, 
48, PI 232 (1995), and a photochromic liquid crystal compound. Furthermore, an optical-activity photochromic molecule is used, 
and research which controls the property of liquid crystal by light using an optical response molecule is done energetically, a new 
function is made to give in the multicomputer system of photochromic coloring matter and liquid crystal, and it is used for an 
optical switching element, a liquid crystal optical element, and a record medium in recent years. 

[0005] Cholesteric liquid crystal has the property to reflect only the light of specific wavelength alternatively since it has the 
helical structure, and, specifically, it is reported that the selective reflection wavelength of cholesteric liquid crystal can change 
with SHISU transformer photoisomerization of an azobenzene (the collection of the 1999 liquid crystal society summaries 66 - 
69 pages). However, an azobenzene is a light-and-heat reaction type, a problem is in the image conservation stability not only by 
light but heat, and since a display and the use as a record medium need control of heat, a system becomes complicated and is 
disadvantageous. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is accomplished in view of the above-mentioned actual condition, and 
aims at offering the optical switching element, the liquid crystal optical element, and the optical information record medium 
using a photonics material and this with possible making the whorl pitch length of cholesteric liquid crystal control only by light 
[0007] ~ w 
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[Means for Solving the Problem] A result^^kving repeated research wholeheartedly about a^^»chromic material and 
cholesteric liquid crystal which answer wi^Pfht in order that this invention persons might so^^me above-mentioned technical 
problem, A chiral photochromic material which introduced an optical-activity part into a photochromic material which answers 
only with light When it was made to act on material which has a stacking tendency which forms a liquid crystal phase, it resulted 
[ that cholesteric liquid crystal of the helical structure can be made to be able to guide, a cholesteric pitch can change with the 
differences of optical irradiation time easily, and only light of specific wavelength can be reflected alternatively, and ] in a 
header and this invention. That is, a summary of this invention consists in an optical switching method using a photonics material 
and this which can selective reflection wavelength control cholesteric liquid crystal, an optical switching element, an optical 
information record medium, and a liquid crystal optical element by light characterized by containing cholesteric liquid crystal 
guided using a chiral photochromic material which answers with light. A photonics material of this invention can reflect only 
various kinds of wavelength intentionally by controlling irradiation time and exposure light reinforcement of exposure light. 
[0008] 

[Embodiment of the Invention] Hereafter, it explains to details per this invention. The mechanism of action of the photonics 
material of this invention is explained using drawing 1 . If the chiral photochromic material which introduced the optical-activity 
part into the photochromic compound which answers only with light is added to the material (for example, nematic liquid crystal 
etc.) which has a stacking tendency as shown in drawing 1 , the cholesteric liquid crystal which has the helical structure can be 
guided, since the photochromic material which answers only light is added, if this guided cholesteric liquid crystal makes light 
act, a cholesteric pitch will change easily and it will reflect only the light of specific wavelength alternatively - things can be 
carried out. Change of this cholesteric pitch is reversible. Although it is not especially restricted if it has the optical-activity part 
as a chiral photochromic material used for this invention in the photochromic compound which answers only with light, what 
introduced the optical-activity part into the fulgides which are a stable photochromic material thermally, and diaryl ethenes 
preferably is mentioned. Specifically as a basic frame of fulgides, the indolyl fulgides shown in a bottom type, thienyl fulgides, 
and furil fulgides (there may be a substituent) are mentioned. 
[0009] 



[Formula 1] 





[0010] (Rl expresses the alkyl group of carbon numbers 1-4.) 

Moreover, as a basic frame of diaryl ethenes, as an example is shown below, for example, that whose ethene sections are dicyano 

ethene, a maleic-acid anhydride, and perfluoro-cycloalkane including the small thiophene ring of aromatic series resonance 

stabilization energy, a benzothiophene ring, the Indore ring, a furan ring, a seleno FEN ring (there may be a substituent), etc. is 

desirable. 

[0011] 

[Formula 2] 
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[0012] Symmetry and unsymmetrical any are sufficient as them, and even if such diaryl ethenes contain the two same rings (for 
example, thiophene ring) and they are symmetrical, they may be unsymmetrical including a different ring (for example, a 
thiophene ring and an indolyl ring). Especially the method of introducing an optical-activity part into an above-mentioned 
photochromic material, and compounding a chiral photochromic material is not restricted, and can usually be compounded by the 
optical-activity part introducing method by general organic synthesis etc. If the example is shown, the method of introducing a 
chiral naphthol radical into a fulgide compound by the method shown below will be mentioned. 
[0013] 
[Formula 3] 




[0014] moreover, as material guided to the cholesteric liquid crystal used by this invention Although there will be especially no 
limit if a chiral photochromic material is mixed and the phase of cholesteric liquid crystal is formed, generally What has in 
intramolecular the typical molecular structure (meso gene) which forms the phase of liquid crystal is mentioned. The azomethine 
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system material which specifically forrrd^j^iatic liquid crystal and a smectic liquid crystal|J^and azo 0 xy-******, ester 
system material, stilbene system material^row-molecular system liquid crystal material, such as transformer cyclohexane system 
material and pyrimidine system material, And the cholesterol derivative which forms the macromolecule system liquid crystal 
material which has these as a meso gene radical, and cholesteric liquid crystal, Chiral meso gene material, the material which has 
asymmetrical carbon at the end of a liquid crystal molecule, and forms the phase of cholesteric liquid crystal, the thing which 
mixes a chiral dopant to a nematic liquid crystal, and forms the phase of cholesteric liquid crystal are mentioned. Even if it uses 
these things independently, they may mix two or more liquid crystal, and it may be used for them as liquid crystal mixture. 
Especially the content of the chiral photochromic material concerning this invention is not limited, and is suitably determined in 
consideration of the absorbance of the compound concerned, the reinforcement of fluorescence to generate. 
[001 5] The photonics material of this invention like **** can reflect only various kinds of wavelength intentionally by 
controlling the irradiation time and exposure light reinforcement of exposure light. Therefore, the photonics material of this 
invention is used suitable for various kinds of optical elements, such as an optical switching element, a liquid crystal display 
element, and an optical information record medium. An optical switching element, a liquid crystal optical element, and an optical 
information record medium are manufactured by preparing on a substrate the thin film layer containing the photonics material of 
this invention obtained as mentioned above, for example. Especially the process of these elements is not specified and a 
well-known method can be used for it. For example, after making the spacer for adjusting the thickness of a liquid crystal layer 
intervene between two substrates formed by glass, transparence resin, etc. and closing except an inlet, it can manufacture by the 
method filled up with the photonics material of this invention by the vacuum pouring-in method etc. Or it can manufacture by 
applying the photonics material of this invention on one substrate, and arranging one more substrate on a thin film after forming 
the thin film of desired thickness. The thin film on a substrate can be formed using the spreading liquid which added and 
prepared the binder, the solvent, etc. into the photonics material if needed with means, such as a spin coat method, the bar coat 
method, the cast method, and dip coating. 

[001 6] Record to the optical information record medium using the photonics material of this invention is performed by applying 
light. Information is recorded when a structural change of a photochromic material takes place, it will guide cholesteric liquid 
crystal if the portion by which the optical exposure was carried out acts on the material (for example, nematic liquid crystal etc.) 
with which it has a stacking tendency, and it controls the cholesteric pitch of liquid crystal by absorption of light energy. By 
controlling optical irradiation time and the quantity of light, a cholesteric pitch can be changed to arbitration and the light of 
specific wavelength can be reflected alternatively. Since it is possible for light to perform informational playback and to carry 
out by reading with an absorbance or a reflection factor, it can use for optical recording data medium, such as a display, 
rewritable optical-memory read-out, etc. The light of specific wavelength is reflected and it can also be used for the optical 
switching element to the light of specific wavelength. 
[0017] 

[Example] Hereafter, although an example explains this invention still more concretely, this invention is not restrained by the 
following examples unless the summary is exceeded. 

Example 1 of manufacture As shown in the bottom type of Composition of chiral fulgide compound> i, benzo furil fulgide (A) 
was compounded according to Stobbe condensation, the ring breakage of lactone, hydrolysis, and a cyclodehydration. 
[0018] 
[Formula 4] 





[0019] 1) Several grains of 2 and 2-bipyridyls and a stirring child were put into the synthetic 500ml 2 opening eggplant flask of 
lactone and half ester, the nitrogen purge was carried out to it, and tetrahydrofuran (THF) 40ml was added. After adding 
diisopropylamine 2.7ml (19mmol, 1.3eq), freezing mixture cooled at -70 degrees C. 1 1.8ml (1.51 mmol/dm3) (17.8mmol, 1.2eq) 
of n-C4 H9 Li hexane solutions was added, and they were stirred for 1 hour. On the other hand, the nitrogen purge of a spinner 
and the dimethyl isopropylidene succinate 4.13g (22.2mmol, 1.5eq) is put in and carried out to 50ml flask, and THF23ml was 
added and it was made to dissolve. This was slowly dropped at the above-mentioned 500ml 2 opening eggplant flask by 
KANURA. 

[0020] The nitrogen purge of a spinner and the 3-butanoyI-2-methyl benzofuran 2.99g (14.8mmol, l.Oeq) is put in and carried 
out, and THF27mI was added to 100ml flask, and it was made to dissolve in it. This was added to the above-mentioned 500ml 2 
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opening eggplant flask at a stretch by K^^BlA. They are after stirring of 1.5 hours, and ^^^HP^^g back by 55 degree C of 
bus ** in ordinary temperature for 3 hour^wr 15 hours. HC1 was added and it was made pH lifter separating liquids, ethyl 
acetate extracted the water layer 3 times. After having collected the obtained organic layers, having washed with saturation brine, 
adding anhydrous sodium sulfate and stirring overnight, suction filtration removed this. The solvent was distilled offby the 
evaporator, the flash plate column chromatography (ethyl acetate/hexane) separated the obtained liquid, and lactone and half 
estej were obtained. 

[0021] 2) The nitrogen purge of a spinner and the t-C4 H9 O.K.2.61g (23.2mmol, 3.0eq) was put in and carried out to the 
synthetic 100ml 2 opening eggplant flask of dicarboxylic acid, t-butanol 25ml was added, and reflux was started. On the other 
hand, the nitrogen purge of a spinner and the lactone (*♦***♦**) 2.5 lg (7.72mmol, l.Oeq) was put in and carried out to 50ml 2 
opening eggplant flask, and t-butanol 25ml was added. It was slowly dropped at the above-mentioned 100ml 2 opening eggplant 
flask by KANURA, flowing back this (1 drop/s). After flowing back for 2 hours, the solvent was distilled offby the evaporator. 
[0022] A reaction container comes out as it is, puts in half ester (**♦♦****) 4.22g (1 1.8mmol) here further, added THF25ml and 
was made to dissolve it. After adding 15ml of water, and KOH8g and flowing back for 3 hours, liquids are separated, and it is 
10%Na2CO3 about an organic layer. The aqueous solution extracted 5 times. It is 5Ns to the obtained water layer. HC1 was 
added and it was made pHl. After separating liquids, ethyl acetate extracted the water layer 3 times. The obtained organic layers 
were collected and it washed with saturation brine, and after putting in anhydrous sodium sulfate and stirring overnight, suction 
filtration removed this. The solvent was distilled offby the evaporator and the product was obtained as dicarboxylic acid. 
[0023] 3) The nitrogen purge of the 3.48g (10.2mmol, l.Oeq) of the above-mentioned dicarboxylic acid containing a spinner and 
an impurity was put in and carried out to the synthetic 200ml 2 opening eggplant flask of benzo furil fulgide (A), and THFlOOml 
was added. And 1.74ml (15.3mmol, 1.5eq) of N-trifluoroacetylimidazole(s) was added. After 2-hour stirring, saturation brine 
and ethyl acetate were added, liquids were separated, and ethyl acetate extracted the water layer 3 times. After having collected 
the obtained organic layers, having washed with saturation brine, putting in anhydrous sodium sulfate and stirring overnight, 
suction filtration removed this. The solvent was distilled offby the evaporator and the flash plate column chromatography (ethyl 
acetate/hexane) refined the obtained liquid. 

[0024] Fulgide (A): Yield of 797mg (2.46mmoI), 17% (3-butanoyl-2-methyl benzofuran criteria) of yield 
mp 135- 137 degree-Cl H-NMR (270MHz, CDC13, TMS) delta/ppm 0.90 (3H, t, J= 7.43Hz), 1.13 (3H, s), 1.42 (2H, sext, J= 
7.46Hz), 2.23 (3H, s), 2.24 (3H, s), 3.01-3.13 (1H, m), 3.37-3.54 (1H, m), and 7.24-7.45(4H, m).<BR> [0025 ] IR (KBr) 
nu/cm-1 1812, 1766, 1225, 1184,979,921 

LRMS(EI,70eV) m/z(rel intensity),324(M+ ,100),309(M-CH3 )+ ,12),295((M-C2 H5 )+ ,10),281((M-C3 H7 )+ ,60),265(M-C3 
H70)+ ,23). 

HRMS(EI,70eV) m/z 324.1378(found),324.1362(calcd for C20H20O4 ). 
UV (toluene) 339nm (epsilon:6130mol-ldm3 cm-1) 

ii) By the synthetic following ** of (R)-binaphthol condensation benzo furil fulgide (B), as shown in a bottom type, binaphthol 
was introduced into fulgide (A) and chiral fulgide was compounded. 
[0026] 
[Formula 5] 

n-C*H7 0 

0 NaH, (R)-BiMpttbol 
Z> (CP 3 CO).0 ™* 



5fl^Wwin£ 

H rafter se 





[0027] 123.2mg [ of sodium hydride ] (about 60% in oil) (3.080mmol, 2.5eq), (R)-2, and 2 , -dihydroxy -1 and 1 '-binaphthyl 
423.6mg ( 1 .480mmol, 1.2eq) was put into 200ml 2 opening flask, and the nitrogen purge of the inside of a system was carried 
out. After cooling at 0 degree C and adding THF16ml, it returned to the room temperature and stirred for 45 minutes. It cooled at 
0 degree C again, the benzo furil (fulgide A) 400.0mg (1.232mmoI, leq) solution of THF20ml obtained above was dropped, and 
it returned to the room temperature after that, and stirred for 75 minutes. 0-degree C dilute hydrochloric acid was filled with the 
reaction solution, and salt was added until the water layer was saturated. After separating an organic layer and a water layer, the 
water layer was extracted 3 times by diethylether. After saturation brine washed the organic collected layers, anhydrous sodium 
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sulfate was added and it dried. After carrj^But a drying agent a ** exception, reduced presBMistilling off of the solvent was 
carried out until a solid-state began to hav^roposited, and a small amount of hexane was addedTand it cooled at 0 degree C, and 
put for a while. The precipitate which deposited was collected by suction filtration and it washed by the hexane. After carrying 
out the vacuum drying of this, it used for the next reaction as it is. 

[0028] The solid-state obtained above was put into 100ml 2 opening flask, and the nitrogen purge of the inside of a system was 
carried out. THF60ml and 0.70ml (4.956mmol, 4eq) of anhydrous trifluoroacetic acid were added, and it stirred at the room 
temperature for 3 hours. Then, it cooled at 0 degree C and the sodium-hydrogencarbonate aqueous solution was added 10%. 
After separating an organic layer and a water layer, the water layer was extracted 3 times by diethylether. Water and a saturation 
sodium chloride aqueous solution washed the organic collected layers, and anhydrous sodium sulfate was added and it dried. 
After carrying out a drier a ** exception, the solvent was distilled off and binaphthol condensation benzo furil fulgide was 
obtained with the flash plate column chromatography (ethyl acetate/hexane). 

Binaphthol condensation benzo furil fulgide (B) (ring-breakage object): The yield of 210.5mg (0.355mmol), yield 29%(benzo 
furil fulgide (A) criteria) mp 160.5 to 162 degree C [0029] 1 H-NMR (CDC13, 270MHz, TMS, and two sorts of diastereomer 
mixture --) [ ] Inside is minor product delta/ppm. 0.89 (3H, t, J= 7.26Hz) [0.89 (3H, t, J= 7.26Hz)] 0.96 (3H, s) [1.03 (3H, s), 
1.06(3H, s)], 1.22 (3H, s), 1.42 (2H, m) [2.46 (1H, m), 2.53(3H, s)], 2.60 (3H, s), 2.67 (1H, m) and 3.98 (1H, m), 7.2-8.0 (16H, 
Ar) [7.2-8.0 (16H,Ar)] 

IR (KBr) nu/cm -1 3067, 2966, 2937, 2873, 1778, 1588, 1455, 1278, 1228, 1217, 965, 747.LRMS (EI, 70eV) m/z (rel intensity), 
592 (M+, 16) and 397 (8), 324 (10), 307 (100) and 286 (42), 279 (21) 
HRMS(EI,70eV)m/z 592.2250(found),592.2249(calcd for C40H32O5 ). 

UV(foluene) (B): lambdamax 312nm (epsilon: 14300 moI-ldm3 cm-1) and B*:lambdamax 399nm. (B* shows the ring closure 
object of Compound B) 

[0030] Example 1 <Measurement of ultraviolet and visible absorption spectrum of liquid crystal mixture which doped 
(R)-binaphthoI condensation benzo furil fulgide (B)> benzoic-acid cholesteryl 21.1mg, acetic-acid cholesteryl 22.1mg, and 
transformer cyclohexane system nematic liquid crystal ZLI-1840 (Merck Co. make) 199.1mg were mixed (liquid crystal mixture 
(C) is called). This liquid crystal mixture (C) (R)-binaphthoI condensation benzo furil (fulgide B) (ring breakage object) 4.18mg 
was added to 55.22mg, and the concentration 7.0wt% sample was prepared. This sample is inserted into two glass substrates, and 
it is 313nm light (quantity of light: 0.). 32 rnw/cm2 was irradiated and the permeability and ultraviolet and visible absorption 
spectrum of 0, 3, 8, 20, and 60 minutes after were measured at the room temperature. As shown in drawing 2 . before the 
ultraviolet radiation exposure (irradiation time 0), a red light was reflected and orange (irradiation time 3 minutes), yellow (these 
8 minutes), green (these 20 minutes), and blue (these 60 minutes) were reflected one by one after the ultraviolet radiation 
exposure according to irradiation time. Moreover, it is a room temperature, and the prepared sample was not discolored one 
month or more, but it is stable and there was no change in a spectrum. 

[003 1] By the same method as example 2 example 1, the liquid crystal mixture which added (R)-binaphthol condensation benzo 
furil fulgide (B) was prepared, and it printed according to the difference of irradiation time. This sample was a room 
temperature, a compound color change was not carried out on the 2nd, but the configuration of printing was stable. 
[0032] ■ 

[Effect of the Invention] By control of the exposure quantity of light, since the photonics material containing the cholesteric 
liquid crystal guided with the chiral photochromic material of this invention can change a cholesteric pitch to arbitration, it can 
offer the optical information record medium which answers with light, a liquid crystal optical element, and an optical switching 
element using this. These are excellent in stability and use of long duration is possible for them. 



[Translation done.] 
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